Over the past 60 years, ground-based remote sensing measurements of the Earth's mesospheric temperature have been performed using the nighttime hydroxyl (OH) emission, which originates at an altitude of ∼87 km. Several types of instruments have been employed to date: spectrometers, Fabry-Perot or Michelson interferometers, scanning-radiometers, and more recently temperature mappers. Most of them measure the mesospheric temperature in a few sample directions and/or with a limited temporal resolution, restricting their research capabilities to the investigation of larger-scale perturbations such as inertial waves, tides, or planetary waves. The Advanced Mesospheric Temperature Mapper (AMTM) is a novel infrared digital imaging system that measures selected emission lines in the mesospheric OH (3,1) band (at ∼1.5 μm to create intensity and temperature maps of the mesosphere around 87 km. The data are obtained with an unprecedented spatial (∼0.5 km) and temporal (typically 30″) resolution over a large 120°field of view, allowing detailed measurements of wave propagation and dissipation at the ∼87 km level, even in the presence of strong aurora or under full moon conditions. This paper describes the AMTM characteristics, compares measured temperatures with values obtained by a collocated Na lidar instrument, and presents several examples of temperature maps and nightly keogram representations to illustrate the excellent capabilities of this new instrument.
Introduction
Temperature is one of the most essential parameters characterizing the Earth's atmosphere. Knowing its estimate is necessary to define and understand most of the atmospheric processes and to properly quantify their parameterization, especially at mesospheric altitudes and above. The mesosphere lower thermosphere (MLT) region, extending from ∼60 to ∼110 km, is not only the coolest region of the Earth's atmosphere, but also the place where many complex wave processes occur. Unfortunately, it is hardly accessible; only sounding rocket launches allow direct in situ measurements but with very limited temporal and spatial coverage (e.g., see [1] ). Continuous satellite measurements can provide a global view of the atmospheric parameters but with a limited resolution (e.g., see [2] ). Therefore, ground-based remote-sensing instruments are essential for studying local, short-lived perturbations and define their characteristics.
Several dynamical phenomena associated with planetary waves, tides, gravity waves (GWs), and other short-lived waves affect the Earth's atmosphere. Planetary waves are global-scale perturbations with periods of several days associated with large-scale convective regions or pressure systems [3, 4] . Atmospheric tides are the dominant feature of the MLT region [5] . Their periods are correlated with the duration of a solar or a lunar day (24, 12 h,…) . GWs are shorter-period oscillations created by the lifting force of buoyancy and the restoring force of gravity [6] . They can be generated by several sources: in the troposphere by thunderstorm updrafts, frontal systems or airflow over mountains, or by interaction with the polar jet stream. They might also be secondary waves resulting from the breaking of a primary wave which had reached its critical level in the middle or upper atmosphere [7] . These waves propagate vertically and horizontally and may be observed during several hours, with horizontal wavelengths varying from 10 to more than several hundred kilometers. They have a crucial effect on the MLT as they can impact the atmospheric circulation [8] . Freely propagating GWs actively transport energy and momentum from the troposphere to the middle and upper atmosphere, where they deposit their energy and transfer their momentum to the mean flow when breaking in the lower density air [9] . Finally, shortlived (few tens of minutes) waves often called ripples or billows, are small-scale perturbations associated with localized regions of convective or shear instabilities due to the growth of GW amplitude or the Doppler-shifting effect. They are generated in situ at the mesospheric altitudes (e.g., see [10, 11] ) where they create turbulence and mixing.
All these phenomena are relatively wellcharacterized, but their effects and interactions with the background atmosphere and larger-scale motions remain largely unknown. To fully quantify them, several instruments operating simultaneously are necessary to estimate the horizontal wind and temperature profiles as a function of altitude, as well as their horizontal parameters (wavelength, phase speed, direction of propagation, and wave amplitude). Resonance lidars can provide vertical temperature profiles and possibly wind profiles. Meteor or MF radars are able to give the wind velocities within the MLT region. The horizontal parameters are normally provided by airglow imagers, but they only measure the brightness of different MLT emissions (OH, Na, O 2 , and OI) corresponding to the altitudes of the associated emissive layers (87, 90, 94, and 96 km, respectively). This paper will describe a newly designed imager capable of measuring not only the OH emission intensity but also the temperature perturbations at ∼87 km of altitude, generating 2D temperature maps which will help in measuring important GW parameters such as the temperature perturbation amplitude or the phase difference between temperature and intensity. Consequently, this new instrument enables detailed investigations of a broad range of dynamical processes including GW forcing, interaction, filtering, dissipation, and momentum flux deposition (e.g., see [12] ). Section 2 of this paper describes how to process the Advanced Mesospheric Temperature Mapper (AMTM) measurements of OH rotational temperature using the intensity of selected emission lines of the OH (3, 1) band. Section 3 depicts the instrument itself, while Section 4 compares temperature measurements with values obtained simultaneously by a collocated Na lidar. Section 5 highlights the capabilities of this instrument with examples of temperature maps and keograms which can be used to define the temperature perturbations propagating through the OH layer. Finally, the conclusion is given in Section 6.
Rotational Temperature Measurements
Since their discovery in 1949 by Meinel [13] , the rotation-vibration hydroxyl (OH) bands have been extensively used to study the MLT temperature. This part of the atmosphere is hardly accessible; therefore, remote-sensing ground-based measurements are essential to study its characteristics. The equivalence of the OH rotational temperature and the temperature of the emitting atmosphere, established by Wallace [14] , makes it possible to measure the mesopause temperature at the altitude of the OH layer.
The hydroxyl molecule is created according to the following exothermic reaction [15] [16] [17] :
The resulting layer is centered at 86.8 2.6 km and has a thickness of 8.6 3.1 km [18] . The preferred vibration levels are ν 6, 7, 8, and 9; the molecules in the lower vibration states are created through a radiative cascade from the higher level molecules or by a collisional relaxation mechanism [19] .
Several ground-based optical techniques have been used to measure the OH rotational temperature during the past 60 years. More recently, spectrometers (e.g., see [20] [21] [22] [23] ), near-infrared scanning radiometers [24] , and Fabry-Perot or Michelson interferometers [25, 26] have provided a wealth of OH temperature measurements. All of these instruments measured the OH rotational temperature, but they are restricted to a small field of view in one (zenith) or a just few look directions. Their temporal resolution is also often limited to several minutes. Several OH rotational bands have been utilized to retrieve the MLT temperature: the most commonly used (6,2) and (8, 3) bands are still detectable by CCD-based sensors but are much weaker than the (3,1) or (4,2) bands, which are located further in the infrared part of the spectrum (at ∼1520 and ∼1600 nm, respectively) and require InGaAs or HgCdTe detectors to be measured.
Indium-gallium-arsenide (InGaAs) cameras have a useful spectral range (for a detector cooled to ∼223 K) extending from ∼900 to about 1650 nm. Above this, the photo response decreases rapidly and exhibits a temperature sensitivity which increases as the cutoff wavelength is approached. The brightest OH Meinel bands in this range are the (3,1) and the (4,2) members of the Δυ 2 sequence, with annual means of 75 18 kR and 106 26 kR, respectively, at mid-latitudes [27] . In view of the roll-off in detector response through the (4,2) region, the M (3,1) band, with an origin at ∼1505 nm, is a better choice to measure the OH M rotational temperature and relative band brightness.
A synthetic spectrum of the OH M night-sky emissions in the spectral interval (1500-1560 nm) is presented in Fig. 1 . This region includes the M (3,1) Q-branches near the band origin (∼1505 nm) and the first five members of the P 1 N 00 and P 2 N 00 branches. Additionally, several members of the R 1 and R 2 branches of the (4,2) band are shown (the relatively weak satellite transitions and the non-LTE high-N' transitions are not included). The webbased results were generated using T Rot 190 K and T Vib 9000 K, together with the A-coefficients of Mies [28] (see [29] and the web address therein). The prominent Q 1 1 and P 1 N 00 (N 00 2, 3, and 4) Λ-doublets are labeled in the figure. These four transitions account for nearly 50% of the total band brightness for a typical rotational temperature of 200 K.
The nominal transmission characteristics of the high-quality, three-cavity bandpass filters used by the AMTM for the (3,1) P 1 2 and P 1 4 measurements are also shown in Fig. 1 . This pair of filters is well-matched in peak transmittance, bandpass characteristics, and blocking. In addition, the quantum efficiency of the InGaAs array is nearly the same at the spectral positions of interest, thus yielding a very small instrument correction when inferring the true brightness ratio from the observed value. In operation, the background level is assessed using a four-cavity filter centered near 1521 nm. This region, between the (3,1) P 2 2 and P 1 2 doublets, is quasi-spectral-void under typical nightglow conditions. However, under auroral conditions, the region is contaminated by emissions in the N 2 Meinel (1,2) band. Additional information on the filters is provided in Section 3.
The effective rotational temperature T r is inferred using the line-pair-ratio method introduced by Meriwether [30] for the OH M (8,3) band and is concisely presented in more general terms by Makhlouf et al. [15] . As indicated above, the brightness ratio of the P 1 2 and P 1 4 Λ-doublets in the (3,1) band is used. The upper levels for these transitions are separated by ∼180 cm −1 (∼0.022 eV) or about 1.3 kT at 200 K. Thus, the exponential factor in the Boltzmann population ratio takes the form exp−E r ∕kT r ∼ exp−259.58∕T r :
(
Under these conditions, a temperature change of 1% produces changes in the [P1(4)/P1(2)] ratio of 1.75% and 1.10% for temperatures of 150 and 250 K, respectively, encompassing the nominal range for OH M temperatures in the terrestrial mesosphere.
The observed brightness ratio B 0 P 1 2∕B 0 P 1 4, after corrections for background differential responsivity and modest contamination of the P 1 4 sample by a weak OH M emission, yields the corresponding ratio of upper-state population when the rovibrational Einstein A-coefficients for transitions are known, i.e.,
where the subscripts identify the rovibrational manifold associated with the X 2 Π 3∕2 fine structure substate and the primes denote upper-state vibration-rotation levels. The expression in Eq. (3) is of general validity, but equating the column population ratio to that of a simple Boltzmann distribution described by a single effective temperature is clearly an approximation. It is well-established that departures from this model occur for J' values as low as 4.5 in the case of the OH M (7,4) band [31] . However, in the specific case of OH (X 2 Π 3∕2 , υ 0 3), high-quality FTIR spectroscopic data have validated the model for levels 1.5, 2.5, and 3.5 even under high-latitude (65.2°N) summer conditions [32] . Levels with J 0 ≥ 4.5 were not included in the analysis because the associated P 1 N 00 transitions were blended with other features or were rather weak. The stringent test of the model was carried out using data wherein the S/N ratio of the P 1 2, P 1 3, and P 1 4 transitions were about 1640, 1570, and 860, respectively. When the expression in Eq. (3) is equated to the appropriate Boltzmann ratio and the resulting equation solved for T r , one obtains
where the OH (X, υ 0 3) term values of Abrams et al. [33] and the A-coefficients of Nelson et al. [34] have been used. Here, the letter R represents the corrected brightness ratio BP 1 2∕BP 1 4. It should be noted that correction of the ratio for differential atmospheric absorption was deemed unnecessary since the FASCOD2-based transmittance calculations of Espy and Hammond [32] yielded τP 1 4 ∕ τP 1 2 values of unity within an insignificant 0.3% for the wide range of atmospheric conditions included in their study. The OH M (3,1) relative band brightness is inferred from the P 1 2 and P 1 4 measurements using the effective rotational temperature from Eq. (4). The decimal fraction of the M (3,1) band brightness reflected in fBP 1 21 BP 1 41g varies from ∼0.23 when T r 150 K to ∼0.18 at 250 K when the Boltzmann model and the A-coefficients of Nelson et al. [34] are used.
Instrument Description
At the end of the 1970s, Tepley et al. [35] developed a new method using two computerized tilting-filter photometers and a programmable dual-axis mirror to produce maps of the OH (8,3) rotational temperature and intensity to investigate the wave-like structures previously reported in mesospheric observations. Their final images consisted of 121-position arrays (11 × 11 5 deg pixels). Observations from Arecibo (18.3°N) produced convincing results, but the time of acquisition (∼15 min∕map) and the poor spatial resolution (10-25 km per "cell") limited the possibility of small-scale GW studies.
In the 1990s, a new CCD-based instrument was developed at Utah State University (USU) to extend the temperature measurements to a larger region of the sky, with better spatial and temporal resolutions. Instead of looking only in one or a few specific directions this instrument images a ∼90°area of the sky, centered on the zenith, using a back-illuminated 1024 × 1024 pixels CCD detector (binned down to 128 × 128 pixels to improve the signal-to-noise ratio), a telecentric lens system, and 3 narrow-band filters to measure the P 1 2 and P 1 4 lines of the OH (6,2) band and the sky background intensity at 857 nm [36, 37] . In 2001, this instrument was improved to include measurements of the intensity of 2 emission lines of the atmospheric O 2 (0,1) band. This emission is located slightly higher (∼94 km) than OH, adding complementary altitude information on the atmospheric temperature. The exposure time for each line is typically 60 s, which gives 2 temperature measurements at 2 different altitudes (OH and O 2 ) every ∼5.5 minutes (or one temperature measurement every ∼3 minutes in an OH-only mode), but this time, with a separate temperature value for each of the 16 to study long-term temperature variations (e.g., [38] ) as well as tidal oscillations [39] [40] [41] or more specific GW events [42, 43] .
Nevertheless, this instrument is limited to midand low-latitude observations. At high latitudes, the usual presence of aurora, brighter than the OH emission in the (6,2) band part of the spectrum, contaminates most of the data. Thus, a new MTM has been recently designed specifically for high-latitude and high-resolution research. This time, taking advantage of the recent progress in IR imaging, it was decided to use the OH (3,1) band instead of (6, 2) . The auroral contamination is much more limited in this part of the spectrum, the (3,1) band is ∼70 times brighter than the (6,2) band, and less affected by water vapor absorption. This instrument uses a fast (f:1) 120°field-of-view telecentric lens system designed and built at the Space Dynamics Laboratory (SDL), and three 4 00 narrow band (2.5-3 nm) filters centered at 1523 P 1 2, and 1542 nm P 1 4 and a nearby background region (BG), mounted in a temperature-controlled filter wheel. The detector is a 320 × 256 pixels IR sensor, thermoelectrically cooled down to −50°C to limit the electronic noise, and controlled through a USB port by a Windows computer. The telecentric lens system (see Fig. 2 ) was designed for wide field-of-view narrowband imaging (<2 nm) and has a very high throughput (∼1 cm 2 · sr. Its spectral coverage includes the In-GaAs (1100-1600 nm) sensitive range. The exposure time for each filter is short, typically 10 s, giving a temperature measurement every ∼30 s (much shorter than the Brunt-Väisälä period) over a ∼120°region centered on the zenith. A detailed list of the instrument technical characteristics is given in Table 1 .
This AMTM is a significant improvement on the previous instrument. It is ∼6 times faster for a ∼4 times better spatial resolution. It can operate in the presence of aurora and also acquires data under full moon condition with very small inconvenience. Two of these instruments have been built so far. The first one operates at the South Pole Station (90°S) since 2010 and the second one at the ALOMAR observatory in Northern Norway (69°N) since the winter of 2010-2011. During the summer months, the latter AMTM is returned to Utah and runs on the USU campus (41.7°N), alongside a Na lidar for crosscalibration and mid-latitude research measurements.
Instrument Performance

A. Cross-Calibration
To confirm that the AMTM is accurately measuring the atmospheric temperature at the altitude of the OH layer, it was operated alongside the USU Na lidar during 52 nights in the summers of 2011, 2012, and 2013. This well-proven instrument, which was relocated to USU from its original operational site at Colorado State University (CSU; 41°N, 105°W) in the summer 2010, has operated successfully for more than 20 years. It uses laser-induced fluorescence spectroscopy to study a naturally occurring layer of sodium atoms within the mesopause region, which is formed by the ablation of meteors plunging into the atmosphere. The data are processed to determine the Doppler broadening and frequency shift of the yellow Na emission line, enabling precise measurements of the atmospheric temperature and winds with high vertical and temporal resolutions in the 80-105 km region [44, 45] . the Gaussian height-weighted atmospheric temperature centered at 87 km obtained by the USU Na lidar during the same night. The AMTM data were binned to 10-min intervals for direct comparison with the lidar measurements. Each AMTM temperature represents the average value for a 20 × 20-pixel region centered at the zenith (∼11 × 11 km), to encompass the region sampled by the lidar. The lidar data have been processed using a Gaussian function with a FWHM of 9.3 km (1∕e ∼ 5.6 km) height-weighted over the thickness of the emissive layer [39] . Only the lidar values with a measurement error <5 K have been used in this comparison. The weighting was centered at 87 km, which is commonly accepted in the literature as the nominal nocturnal peak altitudes for the OH emission layer [18] . It is clear that the two profiles track each other very well. The average temperatures for the night were 190.7 4.5 K as measured by the AMTM and 190.3 5.4 K according to the lidar data, with the difference being well within the error range of both instruments. Figure 3(b) gives the point-to-point difference between the two data sets. At the beginning of the night, the lidar temperature was a few degrees (<2 K) higher than the AMTM. This trend changed during the course of the night, and after ∼6 UT the temperature difference became positive by up to ∼2 K. For the whole observation period (∼10 h), hΔTi 0.4 2.2 K. This variation can be simply explained by two phenomena: the altitude of the OH layer varied due to geophysical processes like tides or large-scale GWs (e.g., [39] ), or the thickness of the layer was modified during the first part of the night. Indeed, after the evening sunset, removal of the atomic oxygen by three-body recombination creates a decay of the lower part of the hydroxyl layer, changing its barycenter to a slightly higher altitude [46] . Thus, within the comparison capabilities of these 2 instruments, results are identical. Following the same technique, 50 nights with concurrent observations have been processed to further compare the measurements of the AMTM with the Na lidar temperatures. The observations are summarized in Table 2 and the results are plotted in Fig. 4 . Data obtained during the 3 different summer periods (2011, 2012, and 2013 ) are differentiated to investigate any modification of the AMTM characteristics (sensor quantum efficiency, filters transmission,…) with time, but, as will be shown, none was detected after 3 years. Temperatures were in general higher in 2012 than in 2013 because most of the observations were made in August and September in 2012, while the AMTM operated from end of May to mid-July in 2013, when the mesospheric temperatures are expected to be at their lowest. For these 50 nights, the average temperature difference between the AMTM and the Na lidar was 2.1 3.7 K, which is quite acceptable compared to the instrument errors. Nevertheless, some dissimilarity between the lidar and the AMTM seems to be associated with seasonal change. To investigate that, Fig. 5 shows the temperature difference between the two instruments as a function of the day of the year. An interesting pattern appears: measurements made before day ∼200 exhibit an average value of 5.0 K, with a standard deviation of 2.3 K, while the subsequent observations have an average value of −0.3 K, with a standard deviation of 3.2 K. It is well-established that a seasonal change in the mesopause region typically occurs between mid-July and mid-August at ∼40°N (8-year climatology from Fort Collins, Colorado 41°N, [47] ), with a change in the mesopause altitude from ∼86.5 to ∼99.5 km. Furthermore, the primary OH M (3,1) emission region is quasiisothermal in the mean August profile. Hence, it seems likely that the observed change near day 200 is related to this seasonal transition.
Variations during the course of the night may also be due to geophysical processes like tides and/or GWs. Previous observations have shown that the effects of atmospheric tides on the altitude of the OH layer can be significant (i.e., [48] [49] [50] ), therefore this fact should also be taken into account. Unfortunately, only in situ measurements or a triangulation technique using at least two imagers can provide sufficiently accurate information on the location of the OH layer, but none was available at the time and place where our observations were made. Nevertheless, the two data sets show very good agreement on individual nights as well as on an average basis, after taking into account the dynamical and chemical processes occurring in the MLT region.
B. Signal-to-Noise Estimate
In order to properly evaluate the signal-to-noise (S/N) ratio for the AMTM instrument, it is necessary to consider a data set with limited atmospheric activity (temperature/intensity perturbations). Figure 6 shows a short-duration sample (60 min, ∼120 data points), taken on 20 July 2013, from Logan, Utah, with the raw P 1 2, P 1 4, and BG emission intensities (dots) measured at the zenith over a 1 pixel area (∼0.4 × 0.4°). During that time, the atmospheric perturbations were small but to reduce their influence as much as possible, and to better analyze the noise effect, the values obtained by 3-point smoothing processing were removed from the three raw series, then the mean intensities over this 60 min period (53) were added to the residuals (solid lines). The average intensity values are 10; 802 32 counts for P 1 2, 9792 35 counts for P 1 4, and 7; 178 24 counts for BG. The S/N ratios for these emissions are 335.5, 277.4, and 297.9, respectively. The resulting average rotational temperature is 185.0 2.0 K, and finally, the associated signal-to-noise corresponding to this short sample is 92.5. This value is a good approximation but nevertheless some atmospheric contamination is still present in the zenith profiles, thus the exact AMTM S/N ratio is probably slightly higher. In general, this value also depends on different factors: brightness of the OH emission due to seasonal or geophysical variability, sky conditions at the time of observations (mist, high-altitude clouds), and temperature of the optics (increasing the BG intensity). Our testing of the AMTM S/N shows variations between ∼50 to 100 in normal operations mode. For comparison, Table 3 summarizes the S/N ratios for several other instruments which also measure the OH M (3,1) rotational temperature. Though the parameters (FOV, integration time, direction of observation) generally differ between the instruments, an overall comparison shows that the AMTM performance matches or exceeds the previous techniques, and most importantly, it can provide the mesospheric temperature over a much larger field of view (∼200 × 160 km) with high spatial and temporal resolutions.
Temperature Maps and Keogram Representations
A. Temperature Maps
One of the main advantages of the AMTM over most of the other instruments in measuring the OH rotational temperature is that it gives a temperature value for each pixel of its sensor, creating a highresolution "temperature map" over a large region of the upper mesosphere. Thus, it is not only possible to study large-scale dynamical features like tides or planetary waves but also more localized timevarying phenomenon including short-period GWs, bores, instabilities, or wave breaking.
The data are processed to obtain the rotational temperature for each pixel of the image. First, the three series of pictures corresponding to the P 1 2 and the P 1 4 lines and the atmospheric background have to be flat fielded to correct for the nonuniformities of the IR sensor, filters, and optics. Next, for each pixel and for each emission line a time series of intensities is created and fitted to a B-spline curve to determine the interpolated value for a given common instant, since the P 1 2, P 1 4, and BG images are taken at slightly different times. The rotational temperature and relative OH (3,1) band intensity are then processed using these interpolated values, creating two new images: a rotational temperature map and a band intensity map. Finally, these two pictures are spatially calibrated using the known star background and projected onto a 180 × 144 km linear grid to correct for the lens format, assuming a nominal altitude of 87 km for the OH emissive layer [51, 52] . Figure 7 (a) shows an example temperature map and Fig. 7(b) shows the corresponding relative band intensity image as observed on 1 June 2013 at 6:47 UT from Logan, Utah (41.7°N). Large oscillations due to a short-period GW (observed period ∼6.4 min ) propagating through the OH layer are clearly visible in both images. The structure on the bottom left is the telescope of the USU Rayleigh lidar, while the curved blue/black sectors at the bottom and on the right are due to the projection process. GW parameters were extracted from the Fig. 7 images using well-proven FFT techniques [51, 53] . In this case, the horizontal wavelength is 19 3 km, the direction of propagation 305 5°due North, and the observed horizontal phase speed 49 5 m∕s. The amplitude perturbation can also be measured using the temperature maps and is equal to 5.1 0.3 K. While the horizontal parameters are typical for short-period GWs propagating through the MLT region, these data provide novel measurements of the temperature perturbations associated with such short-period waves.
B. Keogram Representations
Large-scale GWs or tides are usually not visible in a single temperature map because of their large horizontal wavelengths, which are often greater than the field of view of the imager. To study large-scale atmospheric perturbation, it is necessary to use a different data representation. Keograms, first developed to study auroras, are used to summarize a complete night of observations. They are created by collocating a time series of narrow slices extracted from each image [54] . Two keograms are made for each night: the first one displays the evolution of a North-South band, while the second one shows the evolution of a West-East strip. Figure 8(a) presents the temperature keograms for the night of 24 May 2013, obtained from Logan, Utah (41.7°N). Small-scale GW oscillations with a period around 10 min and temperature amplitude of ∼3 K, are visible during the whole night. They can be enhanced by applying a 5-20 min bandpass Butterworth filter on the NS keogram, as shown in Fig. 8(b) . Larger perturbations are also evident, especially between 6 and 9 UT where a ∼1-1.5 h wave created temperature perturbations with a maximum amplitude of ∼10 K, as presented in Fig. 8(c) after application of a 30-120 min filtering process. Furthermore, the temperature varies over the whole observation period (5.5 h); this oscillation is possibly associated with a tidal component.
Conclusions
The recently developed Advanced Mesospheric Temperature Mapper (AMTM) is a major step forward for atmospheric research into a "high-resolution" era. Its association with other instruments like lidars or radars operating simultaneously will allow detailed characterization of the atmospheric dynamical features as well as the associated atmospheric background. This new instrument is able to image the temperature perturbations at the 87 km level over a large region of the atmosphere, revealing the effect of the propagation of large-scale as well as short-scale waves on the MLT. Using the OH (3,1) band with a highly sensitive IR detector and a fast optical system allows high temporal resolution, and thus the detailed investigations of still mostly unknown dynamical processes such as GW-tidal interactions, GW breaking, GW filtering, and momentum flux deposition. Furthermore, the AMTM is a rugged, fieldproven instrument and can automatically operate in the presence of aurora or under full moon conditions with minimal inconvenience, allowing nonstop high-latitude observations at remote places such as South Pole or other sites located beyond the Polar Circles, where GW measurements are scarce compared to low-and mid-latitude observations. Its enhanced capability for mapping and quantifying wave-driven dynamics in the upper mesosphere is exceptional. To date, several studies have already utilized the AMTM data to investigate mesospheric temperature inversion layers [55] , GW ducting [56] , dynamical instability layers [57] , or momentum flux associated with GW packets [12] , showing promising results.
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